A Gram-stain-negative, aerobic, non-motile, rod-shaped and non-spore-forming bacterium, designated EF23 T , was isolated from rhizosphere soil of watermelon. Growth of strain EF23
The genus Mucilaginibacter, belonging to the family Sphingobacteriaceae within the phylum Bacteroidetes, was first proposed by Pankratov et al. [1] with the description of two species, Mucilaginibacter paludis (type species) and Mucilaginibacter gracilis. The description of the genus was subsequently emended by Urai et al. [2] , Baik et al. [3] and Chen et al. [4] . At the time of writing, at least 39 species names have been validly published in the genus Mucilaginibacter (http://www.bacterio.net/mucilaginibacter.html), including the following recently described species: Mucilaginibacter carri [5] , M. antarcticus [6] , M. roseus [7] , M. fluminis [8] , M. puniceus [9] , M. yixingensis [10] , M. pocheonensis [11] , M. pedocola [12] , M. phyllosphaerae [13] , M. vulcanisilvae [14] , M. aquaedulcis [15] , M. gotjawali [16] and M. soyangensis [17] . Members of the genus Mucilaginibacter are characterized as Gram-reaction-negative, non-spore-forming, non-motile rods [1] . Chemotaxonomically, members of the genus contain iso-C 15 : 0 and summed feature 3 (C 16:1 !7c and/or iso-C 15 : 0 2-OH) as the major fatty acids, menaquinone-7 (MK-7) as the predominant isoprenoid quinone and phosphatidylethanolamine as the major polar lipid, and the DNA G+C content ranges from 39.1 to 49.8 mol% [4, 12, [18] [19] [20] . In this paper, a bacterial strain, designated EF23 T , isolated from the rhizosphere soil of cultivated watermelon (Citrullus lanatus) was subjected to a polyphasic taxonomic study.
Samples of rhizosphere soil were serially diluted with sterile 0.85 % (w/v) NaCl and the dilutions were spread on 1/2-strength Luria-Bertani (LB) agar containing (per litre) 5 g tryptone, 2.5 g yeast extract, 5 g NaCl and 15 g agar, pH 7.2. A pale pink colony was isolated on 1/2-strength LB agar at 28 C and subcultured to obtain pure cultures, and then preserved in R2A broth supplemented with 40 % (v/v) glycerol solution. The type strains of species closely related to strain EF23 T were used as reference strains under the same conditions for comparative taxonomic analysis, including Mucilaginibacter gossypii KCTC 22380 T and Mucilaginibacter gossypiicola KCTC 22379
T from the Korean Collection for Type Cultures (KCTC).
Cell morphology was observed by transmission electron microscopy (HT-7700; Hitachi) after growth for 20 h in R2A liquid medium at 28 C. The motility of cells was determined by observing the growth spread of cells in test tubes containing semi-solid R2A agar (0.3 %, w/v) after stabbing with an inoculating needle. Anaerobic growth was determined in an anaerobic chamber containing an AnaeroPackAnaero (Mitsubishi Gas Chemical) after incubation at 28 C for 10 days on R2A agar. The Gram reaction was examined by using the standard Gram staining method. Growth on R2A agar at different temperatures (4, 10, 20, 28, 30, 37 and 42 C) was assessed. The pH range (pH 5-10 at intervals of 0.5 pH units) for growth and tolerance to different NaCl concentrations (0, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 %; w/v) were determined by using R2A medium. Growth of strain EF23 T was also tested on nutrient agar (NA) and trypticase soy agar (TSA). Oxidase activity was assessed using oxidase reagent (bioM erieux) according to the manufacturer's instructions. Catalase activity was determined by assessing bubble production in 3 % (v/v) H 2 O 2 . Hydrolysis of aesculin, casein and starch, urease activity, gelatin liquefaction and H 2 S production were tested as described by Tindall et al. [21] . Nitrate reduction, indole production and glucose fermentation were assessed as described by Dong and Cai [22] . Voges-Proskauer test, and hydrolysis of Tween 20 and Tween 80 were tested using the methods described by L anyí [23] . Enzyme activities were determined using API ZYM strips (bioM erieux), and utilization of carbohydrates and sensitivity to antibiotics and chemicals were assessed using the GEN III MicroPlate (Biolog), according to the manufacturer's instructions. API ZYM test strips were read after incubation at 37 C for 4 h. GEN III MicroPlate (Biolog) tests were examined after incubation at 28 C for 72 h.
Colonies of strain EF23 T on R2A agar were circular, convex, smooth, mucoid, pale pink and 3-5 mm in diameter after culture for 48 h at 28 C. Cells of strain EF23 T were Gramstain-negative, aerobic, non-spore-forming, non-motile and rod-shaped (0.4-0.8Â1.5-2.8 µm). Large amounts of extracellular polymeric substances were produced (Fig. S1 , available in the online Supplementary Material), as shown by the mucoid consistency of colonies and the viscosity of broth culture. Growth occurred on NA and TSA. Strain EF23 T showed good growth at 10-37 C and pH 5.0-9.0. The strain showed good growth in the presence of 0.5 % (w/v) NaCl on R2A agar, but no growth occurred in the presence of 1 % (w/v) NaCl or higher. Strain EF23
T was positive for catalase, but negative for oxidase and urease activity. The other physiological and biochemical characteristics of strain EF23
T are detailed in the species description and differential characteristics from the type strains of the closest related species are shown in Table 1 .
DNA extraction was performed using a Rapid Bacterial Genomic DNA Isolation Kit (Sangon Biotech). The 16S rRNA gene of strain EF23
T was amplified by PCR with primers 27F and 1492R. The PCR products were cloned into pMD18-T vector systems (Takara) and sequenced. 16S rRNA gene sequences of related type strains were obtained and levels of sequence similarity were determined from the EzBioCloud server (http:// www.ezbiocloud.net/identify) [24] and BLAST program in NCBI (https://blast.ncbi.nlm.nih.gov). The 16S rRNA gene sequences of strain EF23
T and representative members of the genus Mucilaginibacter were aligned using CLUSTAL X2 [25] . Phylogenetic analyses were determined by the neighbour-joining (NJ) [26] , maximum-parsimony (MP) [27] and maximum-likelihood (ML) [28] methods with MEGA version 6.06 [29] . For the NJ algorithm, Kimura's two-parameter model and pairwise deletion were used to reconstruct the phylogenetic tree. The Tamura-Nei model and Nearest-NeighbourInterchange (NNI) heuristic method for the ML algorithm, and subtree-pruning-and-regrafting (SPR) search for the MP algorithm were applied. Complete deletion option was chosen for gaps/missing data treatment in the ML and MP algorithms. Bootstrap support values were obtained using 1000 replications. The genomic DNA G+C content of strain EF23 T was determined by HPLC with a reversed-phase column as described by Mesbah et al. [30] . DNA-DNA hybridization experiments between strain EF23
T and the type strains of closely related species of the genus Mucilaginibacter were performed using the renaturation rate method at 69 C as described by De Ley et al. [31] .
The nearly complete 16S rRNA gene sequence (1443 bp) of strain EF23
T was obtained. Strain EF23 T showed the highest 16S rRNA gene sequence similarities with M. gossypii Gh-67 T (98.9 %), followed by M. gossypiicola Gh-48 T (97.6 %). Strain EF23
T exhibited 16S rRNA gene sequence similarities of below 97 % with all other type strains of the genus Mucilaginibacter. Phylogenetic analyses based on selected 16S rRNA gene sequences demonstrated that strain EF23
T was a member of the genus Mucilaginibacter (Fig. 1) . The phylogenetic tree based on the NJ method showed that strain EF23
T formed a stable subcluster with M. gossypii Gh-67 T with 97 % bootstrap support (Fig. 1) . A similar subcluster was also found in phylogenetic trees based on the ML and MP methods (Figs S2 and S3). DNA-DNA relatedness values between strain EF23 T and M. gossypii KCTC 22380 T and M. gossypiicola KCTC 22379 T were 31.6 and 53.7 %, respectively, values that are below the threshold value of 70 % accepted for species delineation [32] . The DNA G+C content of strain EF23
T was 43.7 mol%.
For cellular fatty acid analysis, cells of strain EF23 T , M. gossypii KCTC 22380 T and M. gossypiicola KCTC 22379 T were harvested from the third quadrant streak on R2A agar incubated for 48 h at 28 C. Fatty acid methyl esters were extracted and prepared by using the standard protocols of Miller [33] with minor modifications [34] . Fatty acid methyl ester mixtures were separated using an Agilent model 6890 N gas chromatograph. Peaks were automatically integrated, and fatty acid names and percentages were determined by the Sherlock Microbial Identification System (MIS) Standard Software. Analysis of polar lipids was carried out by the Identification Service of the DSMZ by twodimensional TLC as described by Minikin et al. [35] . Respiratory quinones were extracted and purified according to the method described by Tindall [36, 37] , and then were analysed by HPLC with a reversed-phase column.
The major cellular fatty acids of strain EF23
T were summed feature 3 (C 16:1 !7c and/or iso-C 15 : 0 2-OH), iso-C 15 : 0 , C 16 : 0 and iso-C 17 : 0 3-OH, which was in accordance with the characteristics of the genus Mucilaginibacter ( Table 2 ). The major respiratory quinone of strain EF23
T was MK-7, which was in good agreement with that of reference strains. The major polar lipid of strain EF23
T was phosphatidylethanolamine, and two unidentified phospholipids, three unidentified lipids, three unidentified phosphoaminolipids and six unidentified aminolipids were also detected (Fig. S4) T was in accordance with the characteristics reported for other species of the genus Mucilaginibacter. However, the absence of glycolipid, the composition of unidentified lipids and unidentified aminolipids differentiated strain EF23
T from its closest phylogenetic neighbours M. gossypii KCTC 22380 T and M. gossypiicola KCTC 22379
T .
In conclusion, phylogenetic analyses and chemotaxonomic characteristics supported the classification of strain EF23
T as a member of the genus Mucilaginibacter. However, strain EF23 T was clearly distinguished from its closest phylogenetic neighbours by some physiological, biochemical and phenotypic characteristics as shown in Table 1 , especially by growth at 37 C, negative reaction for oxidase, inability to hydrolyse aesculin and casein, and tolerance to troleandomycin and tetrazolium blue. In addition, the difference in polar lipid components also clearly distinguished strain EF23
T from its closest phylogenetic neighbours. According to the above features and the low DNA-DNA hybridization values (<55 %), strain EF23
T should be considered to represent a novel species of the genus Mucilaginibacter, for which the name Mucilaginibacter rubeus sp. nov. is proposed.
DESCRIPTION OF MUCILAGINIBACTER RUBEUS SP. NOV.
Mucilaginibacter rubeus (ru¢be.us. L. masc. adj. rubeus pale red, pink, referring to the colour of the colonies). [2] . +, Positive; -, negative; W, weakly positive; S, susceptible; R, resistant; ND, no data available. PE, phosphatidylethanolamine; PL, unidentified phospholipids; AL, unidentified aminolipids; PNL, unidentified phosphoaminolipids; GL, unidentified glycolipids; L, unidentified lipids. All strains are Gram-stain-negative, non-motile, non-spore-forming and rod-shaped, positive for catalase, but negative for hydrolysis of starch and Tween 80, indole production and H 2 S production. All strains are positive for activities of alkaline phosphatase, leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase and a-mannosidase, but negative for activity of a-chymotrypsin (API ZYM tests). Cell shape* R R SR R R Growth at 37 C + --
Hydrolysis of: Cells are Gram-stain-negative, aerobic, non-spore-forming, non-motile, rod-shaped, 0.4-0.8 µm wide and 1.5-2.8 µm long. Colonies are circular, convex, smooth, mucoid, pale pink and 3-5 mm in diameter with entire edges after 2 days of incubation at 28 C on R2A agar. Growth occurs on NA and TSA. Growth occurs on R2A agar at 28 C, at pH 5.0-9.0 and with 0-0.5 % (w/v) NaCl. Positive for catalase and nitrate reduction, but negative for oxidase, urease activity, hydrolysis of starch, aesculin, casein, Tween 20 and Tween 80, gelatin liquefaction, Voges-Proskauer test, production of H 2 S and indole, and glucose fermentation. In the API ZYM strip, positive for activities of alkaline phosphatase, valine arylamidase, a-fucosidase, leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase, Nacetyl-b-glucosaminidase and a-mannosidase, weakly positive for activities of esterase (C4), esterase lipase (C8), cystine arylamidase and trypsin, but negative for activities of lipase (C14), a-chymotrypsin and b-glucuronidase. 
Mucilaginibacter rubeus EF23 T (KX792140)
Mucilaginibacter gossypii Gh-67 T (EU672804)
Mucilaginibacter gossypiicola Gh-48 T (EU672805)
Mucilaginibacter kameinonensis SCK T (AB330392)

Mucilaginibacter oryzaeB9 T (EU109722)
Mucilaginibacter vulcanisilvae G27 T (KM288700)
Mucilaginibacter polysacchareus DRP28 T (HM748604)
Mucilaginibacter angelicae GG-w14 T (HM627214)
Mucilaginibacter boryungensis BDR-9 T (HM061614)
Mucilaginibacter dorajii DR-f4 T (GU139697)
Mucilaginibacter flavus HME6839 T (HQ449707)
Mucilaginibacter calamicampi WR-R1Y T (KC537738)
Mucilaginibacter soyangensis HME6664 T (HM590829)
Mucilaginibacter puniceus WS71 T (JQ955678)
Mucilaginibacter aquaedulcis PGW1-R01 T (JQ670938)
Mucilaginibacter pocheonensis Gsoil 032 T (AB267718)
Mucilaginibacter pineti M47C3B T (KF483876) T was used as an outgroup. Bootstrap values (expressed as percentages of 1000 replications) over 50 % are shown at branch points based on NJ analyses. Filled circles indicate that the corresponding nodes were also recovered in trees generated with the ML and MP algorithms. Open circles indicate that the corresponding nodes were also recovered with the ML algorithm. GenBank accession numbers are given in parentheses. Bar, 0.02 substitutions per nucleotide position.
and iso-C 17 : 0 3-OH. The predominant respiratory quinone is MK-7. The polar lipid profile consists of phosphatidylethanolamine, two unidentified phospholipids, three unidentified lipids, three unidentified phosphoaminolipids and six unidentified aminolipids.
The type strain is EF23 T (=CGMCC 1.15913 T =KCTC 52516 T ), isolated from rhizosphere soil of cultivated watermelon (Citrullus lanatus) collected from Hefei, China. The DNA G+C content of the type strain is 43.7 mol%. . Data in columns 1-3 were obtained in this study and data in columns 4 and 5 were taken from Jeon et al. [18] and Urai et al. [2] . Values are percentages of the total fatty acids. Major components (>5 %) are highlighted in bold. Fatty acids that accounted for less than 0.5 % in all strains are not shown. TR, Trace (<0.5 %); ECL, equivalent chain-length; -, not detected. 
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